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Table 1 Plating parameters of Cu-GNS composite coating

. Mass
Solution . ..
concentration/ Conditions
component 0
(gL™)
CuS0,-5H,0 220 J=1.5 A/dm*
H,SO, 60 =5 min
GNS 1 6=25 C

<2 Cu-GNS E A9 23R H I B v Wi 1T S50
Table 2

fouling thin film on Cu-GNS composite coatings

Plating parameters of self-cleaning and anti-

. Mass
Solution . o
concentration/ Condition
component 5
(mol-L™)
Cu(NO,), 3H,0 0.01 =10 min
C,,H,;0, 0.2 6=25 C

ORI, SR SRR AR v A T L Ja N Y
B2 AR BIPGE . SE IR AR BT, R TR
B TEAEACT S min, T8 2EE.
HPTARE R 1 s, R (R ek, &
& Cu-GNS/ABS I FEAE N AR, PIARIEIBE D 2 cm.,
i FH B R, FELCAR T [A] 10 min, ) A 4% 1) A8
IR T A RITORR i 6 B 73 By v TR A o0
SERRNREVE RS2 . TR e U, R 6 15
B R 2 3 2 B T K oK B e B b e
W JE AN DR . KR H % T BIE

1 @
--- Y,

Pt Cu2+ E’SB
—— - =

8 S

4

Ag

El1 SE&WERI S5 #E TF/Cu-GNS il %7~
=3
Fig. 1 Schematic diagram of fabricating self-cleaning and

anti-fouling thin film on Cu-GNS composite coatings surface
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B2 REVFHEE T Cu-GNS/ABS KIEHH K MEN SEM 51Kl
Fig. 2 SEM images of superhydrophobic thin flim on Cu-GNS/ABS surface obtained at different electrodeposition
voltages: (a), (a') 1 V; (b), (b') 5 V; (¢), (¢') 10 V; (d), (d), () 15 V; (e), (¢) 20 V



532 B 10 Vs, .

A~ SR R A R AR I A i B T T 5T 2969

(@) i)

CA=122.5°

[I®)

CA=150.4°

*

CA=145.8°

CA=152.3"°

voltages: (a) 1 V;(b) 5V; (c) 10 V; (d) 15V; (e) 20V

S

3 REVHE T Cu-GNS/ABS 7 [Hi B /K 5 (1 B fik £
Fig. 3 Contact angles of superhydrophobic thin flim on Cu-GNS/ABS surface obtained at different electrodeposition
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Fig. 4
voltages: (a) 1 V; (b)) 5V;(c) 10 V; (d) 15V; (e) 20V

Sliding angles of superhydrophobic thin flims on Cu-GNS/ABS surface obtained at different electrodeposition
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Fig. 5§
superhydrophobic thin film at different electrodeposition

Contact angles and sliding angles of

CHOTTE.

% [& 3] Cu 1 C 76 % W] g >k B IR ¥ Cu-
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ALY R BB Reldl, R 7 . X Ja
46 1) 25+ DY BR A E I 33 7 5 R ) FT-IR Pk 25
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P B (A g U, i AT LU TF/Cu-GNS/
ABS K A KEERi L. Ihoh, HIBENTEHRE
AT 1585 cm ™ AT 1439 em™ Ab L T AN R 46 -+

voltages BT FA (RN, KRS A 08 4

(a)

Element  w/%

Cu 54.77

Cu C 41.01

[6) 4.22

Cu
C

O ’ \ Cu
O 1, W, " L
0 2 4 6 8 10
Energy/keV

6 EIEWERITS R I EDS

Fig. 6 EDS spectra of self-cleaning and anti-fouling thin film: (a) Full spectra; (b) Surface morphology and elements of

Cu(c), C(d) and O(e)
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7 BIRERG EE FT-IR &
Fig. 7 FT-IR spectra of self-cleaning and anti-fouling thin
film

TR R AR RSNV ;1Mo £ J5 45+ DU R 1702 cm™
AbBAT—ANMRRIEVE, R B HIURR R RIIRS), Ik

FRIEVE AR e, BRIk, AT DAHEDIAE TF/Cu-
GNS/ABS K =4 T KRR EL, %4501
(R IR #h 2 — MR R T RE P, [FI PR R 2 1 A=
FARE B T EDS &5 5 5 TF/Cu-GNS/ABS 3% [H] H Hi
1] Cu. CHIOTLEIRIE T I

IR FE R AL 22 4 %, % TF/Cu-GNS/
ABS R IEREAT T XPS 0 H1. K 8(a)y HiE T
B 5 K XPS 3, MBI 8(a) T 1, BBV
M FEEH Cu. CHIO=FMotRAR, 5 L&RM
EDS 45 R —3. it — Pt i s, x
HkAT XPS 7l &, HA5 R a0 Kl 8(b) MK 9 R
Horr Cu iR 3 H Cu Al Cu—O—[RIEAL LR, 5353
X} ¥ TF/Cu-GNS/ABS 2 [ (1) # it Cu #5155 Cu
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Fig. 8 XPS spectrum of self-cleaning and anti-fouling thin film(a) and spectrum of Cu(b)
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Fig. 9 High-resolution XPS characterization: (a) C 1s; (b) O 1s
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Fig. 10 Interface models of self-cleaning and anti-fouling thin film on Cu-GNS/ABS surface

L S

E 11 K IE B I TE/Cu-GNS/ABS Il i 72

Fig. 11  Test process of water droplet contacting and leaving TF/Cu-GNS/ABS
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Fig. 12 Process of self-cleaning behavior on TF/Cu-GNS/ABS surface
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Fig.13 Comparison of anti-fouling performance
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Mineral water
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14 EAFEAEH Cu-GNS B 82 R T 17 P 175 R A ML 2R

Fig. 14 Application effect of self-cleaning and anti-fouling thin film on Cu-GNS composite coatings in different liquids
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Research on self-cleaning and anti-fouling thin film on
copper-graphene composite coatings surface

CHEN De-xin"*, YANG Song-tan?, GUO Tao®, KANG Zhi-xin?

(1. Institute of Advanced Wear & Corrosion Resistant and Functional Materials,
Ji’nan University, Guangzhou 510632, China;
2. School of Mechanical & Automotive Engineering, Guangdong Key Laboratory for Advanced Metallic Materials
Processing, South China University of Technology, Guangzhou 510640, China;
3. School of Chemical Engineering and Technology, Guangdong Industry Polytechnic, Guangzhou 510300, China;
4. Research Institute of Shaoguan, Ji’nan University, Shaoguan 512027, China)

Abstract: A superhydrophobic thin film was prepared on the surface of copper-graphene nanosheet (Cu-GNS)
composite coatings by one-step electrodeposition, and the self-cleaning and anti-fouling properties had been
studied. When the deposition voltage reaches 15 V, the surface of the Cu-GNS composite coatings is completely
and evenly covered by the succulent leaf-like rough structure. In addition, the contact angle (CA) reaches a
maximum of 152.3° and the sliding angle (SA) is close to 0°, achieving the best super-hydrophobic effect as well
as self-cleaning and anti-fouling properties. Through chemical composition characterization, the main chemical
composition of the prepared thin film is Cu[CH,(CH,),,CO0],, a low surface energy substance. Then, the thin film
formation reaction mechanism was analyzed. The self-cleaning and anti-fouling test of Cu-GNS composite coating
is carried out. After 10 cycles of the test, the surface of composite coatings was not contaminated by the immersion
liquid and kept dry. As a result, the Cu-GNS composite coatings has a good self-cleaning and anti-fouling effect in
practical applications.

Key words: one-step electrodeposition; Cu-GNS; superhydrophobic thin film; self-cleaning and anti-fouling

performance
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